Abstract Tumor progression is often influenced by infiltration of myeloid cells; depending on the M1-or M2-like activation status, these cells may have either inhibitory or promoting effects on tumor growth. We investigated the properties of tumorassociated myeloid cells in a previously established homotransplantable amelanotic melanoma (RMM tumor line) in F344 rats. RMM tumor nodules were allowed to reach the sizes of 0.5, 1, 2 and 3 cm, respectively. Immunohistochemistry and flow cytometry was performed for macrophage markers CD68 and CD163, and for the antigen-presenting cell marker, MHC class II. Although no significant change was observed in the number of CD68 + and CD163 + macrophages during RMM progression, the number of MHC class II + antigen-presenting cells was reduced in 3 cm nodules. 
Abstract Tumor progression is often influenced by infiltration of myeloid cells; depending on the M1-or M2-like activation status, these cells may have either inhibitory or promoting effects on tumor growth. We investigated the properties of tumorassociated myeloid cells in a previously established homotransplantable amelanotic melanoma (RMM tumor line) in F344 rats. RMM tumor nodules were allowed to reach the sizes of 0.5, 1, 2 and 3 cm, respectively. Immunohistochemistry and flow cytometry was performed for macrophage markers CD68 and CD163, and for the antigen-presenting cell marker, MHC class II. Although no significant change was observed in the number of CD68 + and CD163 + macrophages during RMM progression, the number of MHC class II + antigen-presenting cells was reduced in 3 cm nodules. Real-time RT-PCR of laser microdissection samples obtained from RMM regions rich in MHC class II + cells demonstrated high expressions of M1-like factors: IFN-γ, GM-CSF and IL-12a. Furthermore, fluorescence-activated cell sorting, followed by real-time RT 
Introduction
During tumor progression, components of the innate immune system, such as myeloid cells, infiltrate tumor tissues and exert a variety of functions with impacts on tumor growth [1, 2] . Myeloid cells infiltrating the tumor tissue are comprised of tumor-associated macrophages (TAMs), dendritic cells, myeloid-derived suppressive cells (MDSCs) and tumorassociated neutrophils [2] . TAMs are the most abundant infiltrating myeloid cells in tumors and their roles in neoplastic progression are controversial [3] . The reason lays in the fact that macrophages can be found in between two stages of polarization: classically activated (M1) and alternatively activated (M2) macrophages. M1 macrophages are activated by IFN-γ, and secrete high levels of proinflammatory cytokines, such as IL-1, IL-6, IL-12 and TNF-α. M1 macrophages are known to present anti-tumor properties, through amplification of the immune responses [4] . M2 macrophages, on the other side, express high levels of IL-10, IL-4, TGF-β and IL-13, and are implicated in tissue repair and tumor promotion [5, 6] . Macrophages are not the only type of cells that can be polarized [7] ; other myeloid cells, such as MDSCs [8, 9] and neutrophils [10] may be similarly activated towards M1-or M2-like directions. The MHC class II molecules play pivotal roles in induction of anti-tumor immunity, through activation of T cells [11] . Among tumor-associated myeloid cells, MHC class II molecules are usually expressed by M1 macrophages [4] and dendritic cells [12] . Recently, MHC class II molecules have been shown to be present on some M2 macrophage subsets, as well [13] .
In human melanomas, TAMs are polarized towards the M2 type and they promote tumor progression by inducing Tregmediated immune suppression and stimulation of neoangiogenesis [14] . MHC class II represents an important target in melanoma immunotherapy; enhancement of the MHC class II antigen presentation pathway is one of the goals in developing effective anti-melanoma vaccines [11] . Some human melanomas present an aberrant expression of MHC class II on neoplastic cells, phenomenon which may improve responses to immunotherapy [15] . Therefore, understanding the particularities of MHC class II expression in relation to inflammation and tumor progression may provide important information for developing new therapeutic strategies against melanomas.
Previously, we established a homotransplantable amelanotic melanoma tumor line (RMM) in F344 rats [16] . RMM was the first homotransplantable melanoma derived from a spontaneous tumor in rats. During the last decade, remarkable progress has been made in understanding cancer mechanisms and therapeutics using rat models [17, 18] .
Moreover, examining similarities between rats and mice, and between rats, mice and humans, will provide enriched information and lead to a better approach rather than studies conducted on a single species.
The aim of the current study is to investigate the properties of tumor-associated myeloid cells in amelanotic melanoma in F344 rats, by using the RMM tumor line, with special emphasis on TAMs and MHC class II expressing cells during tumor progression. We believe our study would provide useful information for additional comparative research on melanomas.
Materials and Methods
The Homotransplantable Tumor Line RMM A homotransplantable tumor line (RMM) derived from a malignant amelanotic melanoma in an aged F344 rat, was previously established and characterized [16] . Briefly, a primary amelanotic melanoma developed spontaneously in the pinna of an aged male albino F344 rat. Subsequently, a tissue fragment of 2 mm from the original tumor was transplanted into the scapular region of syngeneic male F344 rats, through a trocar. Serial transplantations were made until the 28th generation, as described previously.
Experimental Animals
Sixteen 6-week-old male F344 rats were obtained from Charles River Japan (Hino, Shiga, Japan). They were housed in an animal room, maintained at 22 ± 3°C with a 12 h lightdark cycle. The animals were fed with a standard diet (DC-8; CLEA, Tokyo, Japan) and provided with tap water ad libitum. After one week of acclimatization, RMM tumor tissue fragments at transplant generation 10 were cut into 2 mm pieces and aseptically transplanted into male F344 rats, as previously described [16] . Tumor diameter was measured with calipers 2 times per week. RMM nodules were allowed to reach the sizes of 0.5, 1, 2 and 3 cm, respectively. Tumor volume was deter- 2 × 0.5 [19] . Four rats were euthanized under deep isoflurane anesthesia at each tumor size point. Experimental procedures were in agreement with our institutional guidelines on animal care and use, and were conducted in accordance with basic policies for the conduct of animal experimentation.
Histopathology and Immunohistochemistry
RMM tumor tissues and liver and spleen tissues from RMM tumor-bearing rats and non-transplanted age matched controls, were fixed in 10% neutral buffered formalin (NBF), and in periodate-lysine-paraformaldehyde (PLP) solution processed by PLP-AMeX (acetone, methylbenzoate, xylene) method [20] . RMM tissues were also embedded immediately in TissuMount® (Chiba Medical Co, Saitama, Japan) and stored at −80°C until use. NBF-fixed tissues were embedded in paraffin, sectioned at 3-5 μm in thickness and stained with hematoxylin and eosin (HE) for histopathological examination. PLP-fixed, dewaxed sections were stained with antibodies against CD68 (clone ED1; 1:500; AbD Serotec, Oxford, UK), CD163 (clone ED2; 1:300; AbD Serotec), MHC class II (clone OX-6; 1:500; AbD Serotec). After dewaxing, sections were pretreated with proteinase K (100 μg/ml proteinase K in Tris buffer, pH 7.5) for 15 min. Thereafter, the sections were treated with 5% skimmed milk in phosphate buffered saline (PBS) for 30 min, and incubated with each primary antibody for 1 h at room temperature, followed by a 1 h incubation with horseradish peroxidase-conjugated secondary antibody (Histofine Simple Stain MAX PO, Nichirei, Tokyo, Japan). All sections were incubated with 3% H 2 O 2 in PBS for 15 min to quench the endogenous peroxidase. Positive reactions were detected with 3,3′-diaminobenzidine (DAB Substrate Kit, Nichirei). Sections were counterstained lightly with hematoxylin.
Double Immunofluorescence Staining
Fresh frozen tissue sections (10 μm in thickness) from RMM nodules of 0.5, 1, 2 and 3 cm in diameter were used. Double immunofluorescence was carried out using: MHC class II in combination with CD68, CD163 or CD11b (clone OX-42; AbD Serotec); and CD68 in combination with CD163. After fixation in cold acetone:methanol (1:1) for 10 min at 4°C, the sections were incubated with 10% normal goat serum for 30 min. Tissue sections reacted with the primary antibody overnight at 4°C. After rinsing with PBS, the sections were incubated for 45 min with the secondary antibody goat antimouse IgG-conjugated with Alexa 488 or Alexa 568 (Invitrogen, Carlsbad, CA, USA). The sections were then incubated with the primary antibody, labeled with fluorescent dye: Alexa 488 labeled MHC class II (AbD Serotec) for MHC class II/CD68, MHC class II/CD163, MHC class II/CD11b; and Alexa 488 labeled CD68 (AbD Serotec) for CD163/ CD68. The sections were visualized with Vectashield™ mounting medium containing 4′, 6-diamino-2-phenylindole (DAPI) (Vector Laboratories Inc. Burlingame, CA, USA) for nuclear staining, and analyzed by a virtual slide scanner (VS-120, Olympus, Tokyo, Japan).
Laser Microdissection (LMD) Analysis
Fresh frozen sections from RMM nodules of 0.5 cm and 3 cm in diameter were fixed with a mixture of acetone:methanol ( 1 : 1 ) f o r 3 m i n a t 4°C , a n d b r i e f l y r i n s e d i n diethylpyrocarbonate-treated PBS. Sections were immunostained with the primary antibody against MHC class II labeled Alexa 488, for 5 min at room temperature. Tumor regions rich in MHC class II + cells (MHC II-HIGH) and poor in MHC class II + cells (MHC II-LOW) were separately collected by a LMD-7000 device (Leica Microsystems, Germany) into QIAzol lysis reagent (Qiagen, Hilden, Germany) and stored at −80°C.
Fluorescence-Activated Cell Sorting (FACS)
The RMM tumor tissues were cut by scissors and digested by 0.1% collagenase type IV (Worthington Biochemical Corporation, Lakewood, USA) in PBS. The cell suspension was transferred into a new tube by filtering through a 100 μm cell strainer, and centrifuged at 1500 rpm, 4°C, for 1 min. The pellets were resuspended in PBS containing 2% fetal bovine serum (FBS) (GE healthcare, Little Chalfont, UK), followed by a new centrifugation at 1500 rpm, 4°C, for 5 min. The supernatant was removed, and the red blood cells in the sample were lysed by BD Pharm Lyse™ lysing buffer (BD Bioscience, New Jersey, USA), for 5 min at room temperature. Samples were centrifuged at 1500 rpm, 4°C for 5 min, and the supernatant was removed. The pellets were resuspended in 2% FBS in PBS. The suspension was filtered through a Falcon® 40 μm cell strainer (Corning Life sciences, NY, USA). Cell concentration was adjusted to 2 × 10 7 cells/ml, by PBS containing 2% FBS.
Flow cytometrical analyses in RMM tumors of 0.5, 1, 2 and 3 cm, respectively, were performed for cells stained with antibodies against MHC class II (for antigen-presenting cells) (conjugated Alexa 488; 1:200, AbD Serotec), in combination with CD68 (for pan-macrophages) (conjugated RPE, 1:200, AbD Serotec) and CD163 (for M2-macrophages) (conjugated RPE, 1:200, AbD Serotec), at 4°C for 30 min.
Cell sorting was done for RMM tumors of 3 cm in diameter; antibodies against CD11b (for myeloid cells) (conjugated RPE; 1:100, AbD Serotec) in combinations with MHC class II (conjugated Alexa 488; 1:100, AbD Serotec), CD163 (conjugated Alexa 488, 1:100, AbD Serotec), CD80 (conjugated Alexa 488, 1:100, AbD Serotec) or CD11c (conjugated FITC, 1:100, Bio Rad, Tokyo, Japan) were used.
Flow cytometry and cell sorting were performed with S3™ Cell Sorter (Bio Rad rived from RMM tumors of 2 cm in diameter (n = 4), were injected into growing RMM tumors of 0.5 cm in diameter (n = 3 for each group). PBS was used as control.
Tumors were allowed to grow 7 days after adoptive transfer; thereafter, tumor nodules were collected and further analyses were performed.
Real-Time Reverse Transcriptase Polymerase Chain Reaction (RT-PCR)
Total RNA from samples obtained after laser microdissection and cell sorting, was isolated by RNeasy Mini Kit (Qiagen, Tokyo, Japan) according to manufacturer's instructions. 300 ng of RNA was reverse transcribed to cDNA with the SuperScript®VILO™ (Life Technologies, CA, USA). Realtime RT-PCR was performed using TaqMan gene expression assays (Life Technologies) or SYBR® Green Real-time PCR Master Mix (Toyobo Co. Ltd., Osaka, Japan), in a PikoReal Real-time PCR System (Thermo Scientific). The probe sets used are listed in Table 1 and the oligonucleotide sequences are listed in Table 2 . The mRNA expression was normalized against expression of 18 s rRNA mRNA as the internal control. The data were analyzed using the comparative C t method ( ΔΔ C t method).
Cell Counts and Statistics
Serial sections were used for cell counting. Cells immunopositive for MHC class II, CD68 and CD163 were counted per high power field at 40 × magnification for RMM tissues and spleen tissues, and at 20 × magnification, for liver tissues, each in 5 randomly selected areas. Data obtained were expressed as mean ± standard deviation (SD) and analysed by the Tukey's test or Student's t-test. A value of P < 0.05 was considered significant.
Results

Macroscopy and Histopathology
RMM transplanted tissues grew into solitary nodules measurable by callipers from day 13 after subcutaneous implantation. The size of RMM nodules, tumor volumes and sampling days are represented in Fig. 1a . Briefly, the nodules of 0.5 cm in diameter were harvested at day 17 after tumor implantation; nodules of 1 cm, at day 21; nodules of 2 cm, at day 28; and nodules of 3 cm, at days 37 and 40. Macroscopically, RMM tumor nodules were well encapsulated and ulceration was not seen. At sectioning, the tumors were gray in color, with occasional reddish areas (Fig. 1b) . Histopathologically, RMM tumors consisted of spindle-shaped cells with eosinophilic cytoplasm and indistinct cell borders arranged in interlacing bundles or fascicles. No melanin pigment was observed in the cytoplasm of neoplastic cells, as the animals were albino. Cellular and nuclear atypia were prominent [16] . There was no difference in histopathology between tumor nodules of 0.5, 1, 2 and 3 cm, respectively (Fig. 1c, d ). Interleukin-10 Rn00563409_m1
Hypoxia inducible factor-1 alpha Rn01472831_m1 VEGFa Vascular endothelial growth factor A Rn01511602_m1
Flt-1 FMS-related tyrosine kinase 1 Rn01409533_m1 18 s rRNA Eukaryotic 18S rRNA Hs99999901_s1 
Macrophages and Antigen-Presenting Cells in RMM Tissues and Liver and Spleen Tissues of RMM Tumor-Bearing Rats CD68 and CD163 immunopositive macrophages showed a uniform distribution through RMM tissue sections. No significant change was seen in numbers of CD68 + and CD163 + cells between RMM nodules of 0.5, 1, 2 and 3 cm in diameter (Figs. 2a-h, and 3a, c). In liver and spleen tissues, the CD68 + macrophage number decreased in RMM tumor-bearing rats, in comparison with non-transplanted rats. Moreover, the decrease was correlated with tumor growth (Fig. 3b) . CD163 + macrophages in the spleen suffered only a transient decrease in 1 cm RMM tumorbearing rats; thereafter, the number of CD163 + cells returned to control levels (Fig. 3d) . MHC class II + antigen presenting cells presented a less uniform distribution throughout RMM tissues. MHC class II + cells were densely localized in the marginal tumor tissue (Fig. 2i-l) , with a decrease in 3 cm nodules (Figs. 2l and 3c ). In the more central areas of large tumors (2 and 3 cm), MHC class II + cells were found in dense clusters (black-dotted line), alternating with regions containing a small number of positive cells (blue-dotted line) (Fig. 2m, n) . In the red splenic pulp and in liver tissues of RMM tumor-bearing rats, the MHC class II + cell number significantly decreased in comparison with controls, and the decrease was correlated with tumor growth (Fig. 3f) .
The findings of double immunofluorescence indicated that CD68 + TAMs co-expressed CD163 in proportion of 73%, 75%, 87%, 79% in 0.5, 1, 2 and 3 cm tumors, respectively. All CD163 + cells co-expressed CD68 (Fig. 4a-c, j) . MHC class II + cells showed co-localization with the panmacrophage marker CD68 in proportion of 81%, 80%, 84%, 88%, respectively (Fig. 4d-f, k) . MHC class II + CD163 + cells were present in percentages of 32%, 29%, 35% in 0.5, 1 and 2 cm nodules, respectively. In 3 cm nodules, the percentage of MHC class II + CD163 + cells increased to 56% (Fig. 4g-i, l) . Flow-cytometry analyses in tumors of 0.5, 1, 2 and 3 cm, respectively, revealed similar results with those of immunohistochemistry and double immunofluorescence (Supplemental Fig. 1 We compared the MHC II-HIGH and MHC II-LOW regions by LMD (Fig. 5a ) in tumors of 0.5 cm and 3 cm in diameter, followed by real-time RT-PCR for inflammation-and tumor progression-related factors. RT1-Ba, the gene correspondent for MHC class II, was significantly up-regulated in MHC II-HIGH areas (Fig. 5b) . Moreover, the expression of RT1-Ba was significantly higher in MHC II-HIGH regions of 0.5 cm tumors, in comparison with that of 3 cm tumors. mRNA levels of IFN-γ (Fig. 5c ), GM-CSF (Fig. 5d ) and IL-12a (Fig. 5e ) for M1-related factors, were significantly upregulated in the MHC II-HIGH areas; the mRNA values of these factors were significantly higher in 0.5 cm tumors than those in MHC II-HIGH regions of 3 cm tumors. The mRNA (Fig. 5f ), an M2-related factor, was significantly higher in MHC II-HIGH regions of 0.5 cm in comparison with both MHC II-LOW 0.5 cm and MHC II-HIGH 3 cm. mRNA levels of TGF-β1 (Fig. 5g) (M2-related) , remained unchanged between MHC II-HIGH and MHC II-LOW areas in both 0.5 and 3 cm tumors. IL-10, another important M2-related factor, was up-regulated only in MHC II-HIGH regions of 3 cm tumors (Fig. 5h) . Levels of HIF-1α (tumor hypoxia) (Fig. 5i) were not significantly changed in both 0.5 cm and 3 cm tumors.
MHC Class II + Antigen-Presenting Cells Have a Distinctive Expression of Cytokines, Chemokines and Tumor Progression-Related Factors
For a better analysis of MHC class II + cells in RMM tumors, we performed fluorescence-activated cell sorting (FACS). Because not all MHC class II + cells co-expressed the pan-macrophage marker CD68, demonstrated by double immunofluorescence and flow cytometry ( Fig. 5 and Supplemental Fig. 1 ), we selected CD11b as a marker with broader specificity for tumor-associated myeloid cells [21] . Double immunofluorescence for MHC class II and CD11b in RMM tumors showed that almost all (95%) of MHC class II + cells co-expressed CD11b in RMM tumors (Supplemental Fig. 2 ), suggesting that CD11b is a suitable candidate for myeloid cell sorting in RMM tumors. We performed cell sorting for CD11b + MHC class II + cells (antigen-presenting myeloid cells) (Fig. 6a) and CD11b + CD163
+ cells (M2 type myeloid cells) (Fig. 6B) . Additionally, based on the previous literature on myeloid cell polarization, we performed cell sorting for CD11b + CD80
+ M1 type myeloid cells [22] (Fig. 6c) ; and CD11b + CD11c + dendritic cells [23] (Fig. 6d) , in order to assess the participation of these cell subsets, as well, in the polarization of myeloid cells in the RMM rat melanoma model. Real-time RT-PCR analyses sowed that mRNA levels of M1-related factors, such as IFN-γ (Fig. 7a) , GM-CSF (Fig. 7b) and IL-12a (Fig. 7c) (Fig. 7d) . There was no difference in M-CSF mRNA (M2) between sorted myeloid subpopulations (Fig. 7e) . IL-10 mRNA (M2) was increased in CD163 + cells, in comparison with MHC class II + cells (Fig. 7f) . Also, CD163 + cells presented high levels of galectin-3 (M2) and TNF-α (Μ1 and M2) mRNA (Fig. 7g, h ). IL-1β mRNA (Μ1) was not different between all cell subsets (Fig. 7i) .
We investigated the mRNA levels of chemokines in RMM infiltrating myeloid cells: CCL-2 mRNA was upregulated in CD163 + cells (Fig. 8a) , while CCL-5 mRNA was significantly increased in MHC class II + cells (Fig. 8b) . No difference was seen in CXCL1 mRNA between all cell subpopulations (Fig. 8c) . CD163 + cells showed the highest mRNA levels of MMP-2, TIMP-1 and TIMP-2 (Fig. 8d, e, f) . However, MMP-9 mRNA was significantly upregulated in MHC class II + cells in comparison with other myeloid cell subpopulations (Fig. 8g) . Although there was no significant difference in VEGFa levels (Fig. 8h) , the VEGF receptor, Flt-1, was significantly up-regulated in MHC class II + cells (Fig. 8i) .
MHC Class II
− Myeloid Cells Have Tumor-Promoting
Roles in Comparison with MHC Class II + Myeloid Cells
In order to assess the effects of two heterogeneous myeloid cell subsets on RMM tumor progression, CD11b + MHC class II + and CD11b + MHC class II − cells were adoptively transferred to 0.5 cm RMM tumor-bearing rats (Fig. 9a) . Prior to the adoptive transfer, we checked the mRNA levels of tumor progression-related factors in the two cell subsets. As expected, CD11b + MHC class II + cells had significantly higher levels of mRNA of M1-related factors, in comparison to 
CD11b
+ MHC class II − cells (Supplemental Fig. 3 ). (Fig. 9b) . However, no significant difference in tumor growth was seen between CD11b + MHC class II + -treated group and PBS group (Fig. 9c) . As shown in Fig.10a-c and Fig.10j , the number of MHC class II + cells was significantly lower in the CD11b + MHC class II − group.
On the contrary, the number of CD163 + cells was significantly higher in CD11b + MHC class II − -treated tumors (Fig.10d-f TAM infiltration is often positively correlated with tumor progression in various human cancers, such as breast, endometrial and renal cell cancers [4] . In some murine tumor models, as well (e.g. lung adenocarcinoma, glioma), the number of tumor macrophages increases with tumor growth [24, 25] , suggesting their direct implication in tumor progression. In human melanomas, the macrophage content in primary tumors varies from 0 to 30%, and the TAM density increases with tumor stage [26, 27] . In human melanoma metastatic lesions, macrophages comprise less than 10% of total cells; also, in metastases induced by B16 melanoma cell line in mice, the relative macrophage number decreases with the size of metastatic nodules, indicating that very aggressive tumor cells eventually overgrow the infiltrating macrophages [27] . In our rat model of amelanotic melanoma, the number of TAMs appeared to be unaffected by tumor growth. From early (tumor diameter of 0.5 cm) to advanced stage (tumor diameter of 3 cm), TAM density remained unchanged. One possible explanation for our findings could be that RMM tumors are rapidly growing and TAMs are having a hard time in keeping pace with tumor progression [28] . It is also worth considering the hypothesis that RMM tumor cells are malignant and aggressive enough not to require extensive macrophage participation in tumor progression.
However, the kinetics of MHC class II + antigen-presenting cells in growing RMM tumors was different. In our study, the number of MHC class II + cells was decreased in 3 cm tumors, demonstrated by both immunohistochemistry and flow cytometry analyses. Beside the decrease of MHC class II + cells in 3 cm tumors, the breakdown of these cells was changed as well. Double immunofluorescence and flow cytometry demonstrated that a high percentage (approx. 80% in immunofluorescence analyses, and approx. 60% in flow cytometry analyses) of MHC class II + cells were comprised of CD68 + macrophages; CD68 is regarded as a pan-macrophage marker [29] . However, in 0.5 and 1 cm tumors, only 25% -35% of the MHC class II + cell population co-expressed the M2-related molecule CD163, whereas in 2 and 3 cm tumors, the double-positive cells increased to approximately 50% of the total MHC class II + population. These results indicate a possible switch towards M2 of MHC class II + cells with RMM tumor progression [30] . We investigated the CD68, CD163 and MHC class II expression in liver and red pulp of spleens from RMM tumor-bearing rats, due to the important implications of these organs in immune functions [31] . The red pulp of spleen comprises an extensive network of venous sinuses and antigen-presenting [32] . We observed a significant decrease of CD68 + cells and MHC class II + antigen-presenting cells in the livers and splenic red pulp of RMM tumor-bearing rats, with tumor progression. In a previous study on a rat model of liver cancer, the splenic macrophage phagocytic functions, antigen presentation and cytokine production were reduced in advanced cancer stages, suggesting a tumor-related immune suppression [33] . Spleen mobilizes monocytes which differentiate into TAMs in distant tumor stroma [34] . The decrease of CD68 + splenic cells in RMM tumor-bearing rats might be due to a possible mobilization of macrophage precursors into RMM tumor stroma. However, the number of CD163 + cells did not change in the liver, and suffered only a transient decrease in the spleen of rats bearing 1 cm RMM tumors. In liver and spleen, CD163 is expressed by tissue resident macrophages [20, 35] . CD163 + macrophages are implicated in the homeostasis of these organs [36] and, therefore, may not be significantly affected by distant tumor growth.
MHC Class II Expression on RMM Infiltrating Myeloid Cells is Correlated with M1-like Polarization, while CD163 Expression Indicates an M2-like Phenotype
TAMs are known to be recruited into hypoxic areas within tumors [37] . We investigated the levels of hypoxia-related factor HIF-1α in MHC II-HIGH areas, indicating that MHC class II + cells are recruited into hypoxic RMM regions. However, tumor hypoxia did not appear to be responsible for the distinct distribution of MHC class II + cells. mRNA level of IFN-γ was significantly increased in MHC II-HIGH regions. IFN-γ induces strong anti-tumor immune responses through enhancement of M1 macrophage cytotoxic activity and antigen presentation, and by blocking differentiation of monocytes into M2 TAMs [38, 39] . MHC II-HIGH regions were rich in mRNA of M1-related factors such as GM-CSF and IL-12a, as well. GM-CSF has been intensively studied for its use in cancer immunotherapy, due to its anti-tumor properties, such as stimulation of antigen presentation and tumor-specific T cell activation [40] . Interleukin-12 [42] ; taking this fact in consideration, it would be premature to assume that the difference in expression of the above factors is only due to the presence or absence of MHC class II + cells. Therefore, our next goal was to isolate the MHC class II + cells from RMM tumor tissues and then, investigate their functional properties, in comparison with other myeloid cell subsets. Double immunofluorescence and flow cytometry analyses indicated that almost all MHC class II + cells coexpressed CD11b, thus demonstrating a myeloid origin [21] . We investigated inflammation and tumor-progression related factors in tumor infiltrating MHC class II + antigen-presenting myeloid cells, in comparison to myeloid cell subpopulations + cells, on the other side, showed the highest expression of M2-related pro-tumor factors. These results are in agreement with previous studies on tumor-associated macrophages [6, 45] . Chemokines play vital roles in tumor progression, through facilitating tumor cell proliferation, angiogenesis or immune evasion. CCL-2, CCL-5, CXCL1 are only a few representatives from the plethora of chemokines implicated in tumor progression [46] . CCL-5, for example, promotes melanoma growth through attraction of immunosuppressive cells [47] . Matrix metalloproteinases (MMPs) and their natural inhibitors (TIMPs) are well known as mediators of tumor invasion and angiogenesis in a variety of cancers [48] . In the RMM melanoma model, CD163
+ cells showed the highest expressions of CCL-2, MMP-2, TIMP-1 and TIMP-2, indicating their potentially pro-tumorigenic activity. Interestingly, the MHC class II + cells exhibited the highest mRNA expressions of CCL-5 and MMP-9. Previous studies have shown a possible link between CCL-5 and MMP-9 in tumor progression, where stimulation of tumor cells with CCL-5 increases the MMP-9 production [49, 50] . MHC class II + cells, although not significantly different in VEGFa expression compared to other myeloid cell subpopulations, highly expressed the VEGF receptor, Flt-1. Flt-1 gene encodes both the fulllength receptor, which may stimulate tumor growth via macrophages, and a soluble protein, sFlt-1, which inhibits angiogenesis [51] 
CD80
+ cells are polarized towards M1 [14, 39] . CD11c is expressed by dendritic cells, which in tumors are frequently found in both mature and immature stages of differentiation. While CD11c + mature dendritic cells exert anti-tumor functions, CD11c
+ immature dendritic cells have low antigen presenting properties and show pro-tumorigenic activity [52] . Similar with other cancer-and inflammation-related studies, in our melanoma model as well, polarization of tumorassociated myeloid cells in vivo is more complex and may not be restricted solely to M1 and M2 extremes [7] .
We are also aware of the limitations of our study; molecules such as MHC class II, CD163, CD80 and CD11c can be coexpressed by a single cell, thus, leading to a degree of overlapping between sorted cell subpopulations. However, we could successfully emphasize on the importance of certain molecule presence on tumor-associated myeloid cells, in regards with M1 and M2 polarized production of inflammation-and tumor progression-related factors. In our rat RMM melanoma model, the strongest polarization is determined by the expression of MHC class II (towards M1 type) and CD163 (towards M2 type) (Fig. 11) , whereas the presence of CD80 and CD11c molecules is not significantly implicated in the polarization of tumorassociated myeloid cells.
In conclusion, our study sheds light on the versatile properties of tumor-associated myeloid cells in a recently established model of amelanotic melanoma in F344 rats. The results provide important information which may prove useful in future research on melanoma immunopathology and development of therapeutic strategies against this malignancy.
